A facultatively anaerobic, Gram-stain-positive, rod-shaped bacterium, designated strain KB0549 T , was isolated from sesame oil cake. Cells were motile, round-ended rods, and produced central or terminal spores. The cell wall peptidoglycan contained meso-diaminopimelic acid as the diamino acid. The major fatty acids were anteiso-C 15 : 0 and anteiso-C 17 : 0 . The DNA G+C content of strain KB0549 T was 51.9 mol%. On the basis of 16S rRNA gene sequence phylogeny, strain KB0549 T was affiliated with the genus Paenibacillus in the phylum Firmicutes and was most closely related to Paenibacillus cookii with 97.4 % sequence similarity. Strain KB0549 T was physiologically differentiated from P. cookii by the high content of anteiso-C 17 : 0 , inability to grow at 50 6C, spore position, and negative Voges-Proskauer reaction. Based on these unique physiological and phylogenetic characteristics, it is proposed that the isolate represents a novel species, Paenibacillus relictisesami sp. nov.; the type strain is KB0549 T (5JCM 18068
Members of the genus Paenibacillus are aerobic or facultatively anaerobic, rod-shaped, endospore-forming bacteria. Species of this genus have been isolated from various sources, including soil (Yoon et al., 2007) , rhizosphere (Daane et al., 2002; Kuisiene et al., 2008) , compost (Iida et al., 2005; Ueda et al., 2013) , warm springs (Saha et al., 2005) and human faeces (Hoyles et al., 2012) . Several of the characterized strains have useful enzymic activities; for example, Paenibacillus sp. JDR-2 produces xylanase and is, therefore, able to utilize hemicellulosic polysaccharides (St John et al., 2006) . Members of the genus Paenibacillus contain meso-diaminopimelic acid as the major diamino acid in peptidoglycan, and have anteiso-C 15 : 0 as the major cellular fatty acid. The DNA G+C content of species ranges from 36 to 59 mol% (Ash et al., 1993; Shida et al., 1997; De Vos et al., 2009) . In this communication, we describe the polyphasic taxonomic characterization of a sesaminol-producing bacterium, strain KB0549 T , which was isolated from sesame oil cake (SOC) and was determined to be affiliated with the genus Paenibacillus.
Sesaminol is one of several lignans found in sesame oil, having strong antioxidant activity as well as a variety of health benefits to humans (Fukuda et al., 1986; Kang et al., 1998; Kumazawa et al., 2003) . Sesame seeds contain large amounts of sesaminol in glycosidic form. Sesaminol triglucoside [STG; 2,6-O-di(b-D-glucopyranosyl)-D-glucopyranosylsesaminol] is the most abundant lignan in sesame seeds and is therefore a potentially important source of sesaminol. However, due to its branched-chain glycon structure, STG is resistant to b-glucosidase activity, which is required to produce sesaminol. For this reason, we screened for micro-organisms that produce an enzyme capable of hydrolysing STG. During the course of the screening, a strain was isolated from SOC that was able to hydrolyse efficiently all glucosidic linkages in the STG molecule to produce sesaminol. This strain, designated KB0549 T , is the first bacterium described that produces sesaminol from STG (Nair et al., 2013) .
To screen for strains capable of hydrolysing STG, an SOC slurry (0.1 g ml 21 ) was serially diluted and spread onto YPD agar medium (2.5 g yeast extract, 5.0 g peptone, 1.0 g glucose and 7.5 g Bacto agar per litre) supplemented with 10 % (w/v) SOC. After 72 h of incubation at 37 u C, four morphologically distinct bacterial colonies were observed.
Selected colonies of each type were further cultivated for purification on SOC-supplemented YPD medium and were then tested for their ability to convert pure STG to sesaminol. We identified one strain, KB0549
T , which converted STG to sesaminol. The amount of sesaminol produced by strain KB0549
T increased gradually up to 72 h of incubation and remained stable thereafter.
Routine cultivation of strain KB0549
T was performed in YPD medium at 37 u C under aerobic conditions with shaking. Growth in liquid medium was monitored by measuring the OD 660 using a Miniphoto518R spectrophotometer (Taitec). KB0549
T cells were stored at 280 u C in YPD medium containing 30 % (w/v) glycerol. Cell morphology was examined by scanning electron microscopy, as previously described (Beveridge et al., 1994) . Briefly, cells were fixed with 2.5 % (w/v) glutaraldehyde and 4.0 % (w/v) osmium tetroxide, and were then observed using an S-4800 scanning electron microscope (Hitachi). Motility was checked by phase-contrast microscopy. Gram staining was 
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conducted according to standard procedures (Smibert & Krieg, 1994 ). Anaerobic growth was tested on YPD agar plates incubated for one month in a jar with the AnaeroPackAnaero pack system (Mitsubishi Gas Chemical), which was used to absorb oxygen and generate CO 2 . Catalase activity was determined on the basis of bubble production in a 30 % (w/v) aqueous hydrogen peroxide solution. Oxidase activity was determined using Oxidase reagent (bioMérieux) for the detection of cytochrome C oxidase activity, according to the manufacturer's instructions. Growth of cells at 13, 15, 20, 30, 37, 40, 45 and 50 u C and pH 4.4, 5.0, 5.9, 6.4, 7.2, 8.1, 8.9, 9.9, 10.4, 10.8, 11 .2, and 12.2 was evaluated after incubation for 7 days in YPD medium. Salt tolerance was tested using YPD medium supplemented with 0-5.5 % (w/v) NaCl at 0.5 % intervals and 7-day incubation. Spreading growth of KB0549 T , Paenibacillus cookii LMG 18419 T (Logan et al., 2004) , Paenibacillus favisporus GMP01
T (Velázquez et al., 2004) , Paenibacillus rhizosphaerae CECAP06
T (Rivas et al., 2005) , and P. chibensis JCM 9905
T (Shida et al., 1997) was determined by observing colony shape after 3 days of cultivation at 30 uC on three different types of agar media: YPD, CASO (5 g peptone, 3 g meat extract and 15 g agar per litre), nutrient agar medium (15 g peptone from casein, 5 g peptone from soymeal, 5 g NaCl and 15 g agar per litre). For physiological and biochemical characterizations, including H 2 S production and the Voges-Proskauer test, API 20E and API 50CH systems (bioMérieux) were used according to the manufacturer's instructions. Sesaminol production was determined by HPLC according to the method described by Nair et al. (2013) .
Strain KB0549
T was Gram-stain-positive, facultatively anaerobic, motile, rod-shaped, and formed ellipsoidal spores that were located terminally or centrally in swollen or slightly swollen sporangia (Fig. 1) . Catalase and oxidase activities were positive. On YPD agar, strain KB0549 T formed translucent colonies with a smooth surface. No differences in colony morphology were observed between nutrient and YPD agar media. Growth of strain KB0549 T was observed between 15 and 45 u C, and was optimal at 37 uC. Growth was not observed at 13 or 50 uC. The pH range for growth was pH 5.0-11.2 (optimum pH 7.2). Growth was inhibited at pH 4.4 and below, and at pH 12.2 and over. Strain KB0549
T grew at NaCl concentrations ranging from 0 % to 5.0 % (w/v) with an optimum at 3.0 % (w/v). Growth was inhibited by 5.5 % NaCl. Spreading growth was not observed on YPD, CASO or nutrient agars. The Voges-Proskauer test and H 2 S production were negative. Gelatin hydrolysis was positive and casein hydrolysis was negative. The results for API 20E and API 50CH tests, and a complete description of strain KB0549 T are given in Table 1 .
Cellular fatty acids were analysed using a Sherlock Microbial Identification System (MIDI version 4.5), in which cells were aerobically grown on trypticase soy (SCD) agar medium (Becton Dickinson) at 37 u C for 24 h. DNA G+C content was determined using an LC-10 HPLC system (Shimadzu) according to a procedure established by Katayama-Fujimura et al. (1984) . Polar lipids were extracted and analysed by two-dimensional TLC according to the methods of Tindall et al. (2007) . The cell wall and peptidoglycan in the cell wall were extracted by the methods of Schleifer & Kandler (1972) and Schleifer (1985) . The extracted peptidoglycan was hydrolysed and analysed using the Acquity Ultra Performance Liquid Chromatography system (Waters) by the method of Hicks (1988) . The 16S rRNA gene of strain KB0549
T was PCR amplified using primers 8F and 1492R (Kodama & Watanabe, 2003 ) and sequenced as previously described (Hemmi et al., 2004) . The complete 16S rRNA gene sequence was compared with those in the NCBI database (http://www.ncbi.nlm.nih.gov/) using the BLAST program (Altschul et al., 1990) . Multiple sequence alignments were conducted using the CLUSTAL W program (Thompson et al., 1994) . A phylogenetic tree was reconstructed using the neighbour-joining method (Saitou & Nei, 1987) and the MEGA5 program (Tamura et al., 2011) .
The major fatty acids of strain KB0549
T and closely related species of the genus Paenibacillus are shown in Table 2 . This strain could be distinguished from its closest relatives by fatty acid profiles. The major fatty acid typically found in recognized members of the genus Paenibacillus, anteiso-C 15 : 0 , was also the major fatty acid component of strain KB0549
T (36.7 %). However, the ratio of anteiso-C 17 : 0 (30.8 %) was higher and C 16 : 0 (2.5 %) was lower than that found in other strains of species of the genus Paenibacillus. Diphosphatidylglycerol, hydroxyl-phosphatidylethanolamine, phosphatidylglycerol and ninhydrin-positive glycolipids were detected as the major polar lipids of strain KB0549 T (Fig. 2) . Notably, an unidentified polar lipid, L2, which was found in the closest relative P. cookii LMG 18419 T and did not react with the spray reagents specific for free amino groups, quaternary nitrogen or sugars moieties, was not detected in strain KB0549 T . The diamino acid in the cell wall peptidoglycan of KB0549
T was meso-diaminopimelic acid.
The genomic DNA G+C content of strain KB0549 T was 51.9 mol%. A database search based on the 16S rRNA gene of strain KB0549
T revealed that it was most closely related to P. cookii LMG 18419 T (97.3 %), which was originally isolated from geothermal soil taken from an active fumarole (Logan et al., 2004) (Fig. 3) . The 16S rRNA gene sequence similarlity between KB0549
T and P. cookii LMG 18419 T was 97.3 %, which is below the 1.3 % threshold proposed by Stackebrandt & Ebers (2006) to delineate bacterial species based on 16S rRNA gene sequence similarity.
The phylogenetic and phenotypic distinctiveness of strain KB0549 T , particularly the acids formed during growth, cellular fatty acid profile, inability to grow at 50 uC or in 5 % NaCl, and spore positions, demonstrate that it is not affiliated with previously recognized species of the genus Paenibacillus. Therefore, strain KB0549
T is considered to represent a novel species of the genus Paenibacillus, for which the name Paenibacillus relictisesami sp. nov. is proposed.
Description of Paenibacillus relictisesami sp. nov.
Paenibacillus relictisesami (re.lic.ti.se9sa.mi. L. neut. n. relictum residue; L. neut. n. sesamum sesame; N.L. gen. n. relictisesami of residue remaining after the extraction of sesame oil, the source of the type strain).
Cells are Gram-stain-positive, facultatively anaerobic, motile rod-shaped, 2.0-3.0mm long60.2-0.3mm wide. Ellipsoidal spores are formed in swollen sporangia. Colonies on YPD agar are flat, smooth, circular, and have a creamy yellow tint. The colonies do not have spreading growth ability. The Voges-Proskauer test is negative. Catalase and oxidase activities are positive. The optimum temperature for growth is 37 uC (range, 15-45 uC); the optimum pH is 7.2 (range, pH 5.0-11.2); and the optimum NaCl concentration is 3 % (w/v) (range, 0-5 %). Growth is inhibited by 5.5 % (w/v) NaCl. The major cellular fatty acids are anteiso-C 15 : 0 , anteiso-C 17 : 0 and iso-C 16 : 0 . H 2 S production is negative. Gelatin hydrolysis is positive and casein hydrolysis is negative. The major polar lipids are diphosphatidylglycerol, hydroxyl-phosphatidylethanolamine, phosphatidylglycerol and ninhydrin-positive glycolipids. The diamino acid in the cell wall peptidoglycan is meso-diaminopimelic acid. On an API 50CH strip, utiliza- Specific functional groups were detected using ninhydrin (free amino groups), Dragendorff (quaternary nitrogen), and anisaldehyde (glycolipids). DPG, diphosphatidylglycerol; OH-PE, hydroxyphosphatidylethanolamine; NPG, ninhydrin-positive glycolipids; PG, phosphatidylglycerol; AL1-3, unidentified amino group-containing lipids; and L1-2, unidentified polar lipids unreactive towards the spray reagents specific for free amino groups, quaternary nitrogen or sugars moieties. In API 20E strips, ONPG hydrolysis and fermentation of amygdalin are positive. Arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, citrate utilization, hydrogen sulphide production, urease, tryptophan deaminase and indole production are negative. This is the first species reported to produce sesaminol.
The type strain, KB0549 T (5JCM 18068 T 5DSM 25385 T ), was isolated from sesame oil cake. The G+C content of the type strain is 51.9 mol%. Aneurinibacillus aneurinilyticus DSM 5562 T was used as the outgroup. Accession numbers of the sequences retrieved from databases are given in parentheses. Numbers at branch nodes are bootstrap values (per 100 trials). Bar, 0.01 substitutions per site.
